Magnetoencephalography (MEG) and electroencephalography (EEG) are non-invasive methods to assess neuronal activity in the brain by means of source reconstruction. Modelling of the field distribution is often performed with the finite element (FE) method. Here we address the influence of the FE discretization on the accuracy of the forward solution.
Introduction
Magnetoencephalography (MEG) and electroencephalography (EEG) are non-invasive methods to assess neuronal activity in the brain by means of source reconstruction. Modelling of the field distribution is often performed with the finite element (FE) method. Here we address the influence of the FE discretization on the accuracy of the forward solution.
Methods
A total of 55 hexahedral FE models with side lengths of 0.25 to 1 mm of a rabbit's head were constructed from an MRI data set (conductivities: 0.33 S/m skin, 0.0042 S/m skull, 1.79 S/m cerebrospinal fluid, 0.337 S/m grey matter, 0.14 S/m white matter). EEG was simulated at 1330 electrode positions around the head and MEG was simulated at 3x144 magnetometer positions above the head. Dipolar sources were placed in one hemisphere of the cortex (365 positions with 3 orientations each). Two different methods for modelling the dipolar sources were used: the Saint-Venant approach and the full subtraction method. The simulation results of the model with the finest FE resolution served as reference and all other simulated field and potential distributions were compared by means of the relative magnitude error (MAGrel) and relative difference measure (RDM).
Results
For our models, the Saint-Venant approach and the full subtraction method yielded similar results. The model resolutions could be subdivided into 2 groups. Up to about 0.5 mm element size in a 2-compartment brain model and 0.75 mm in a 5-compartment head model, the errors (i.e., model and numerical errors) in both RDM and MAGrel were similar to the model errors in spherical volume conductors. Beyond these resolutions we observed increases in both RDM and MAGrel.
Conclusion
We concluded that a FE size of less than 0.5 mm should be used to solve the forward problem in source reconstruction schemes in rabbits. In the human head somewhat larger sizes might be applicable.
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